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LETTEB OF GBNEBAL E. L. VIEEE, C. E. 



ELEVATED RAILBOADS. 



New York. Novmnber 16, 1868. 
To the Editor of the Herald : 

Perhaps of all others the most urgent need of New York 
to-day is frequent, speedy, reliable, and cheap means of oom- 
nmnication with the upper part of the island. This attained, 
the future of our city is destined to be one of rmexarapled 
growth, gj-a,ndeur, and prosperity. During the last few years 
the attention of engineers has been called to this subject and 
its growing importance, and a variety of plans have been 
laid before the people and the State Legislatm'G. Of these 
plans the most prominent preyented have been the arcade, 
the depressed, the underground, and an elevated road, to be 
worked by a series of cables. The pubhc have been informed 
already through the press of the design ami method of con- 
struction proposed in these several plans, two of which — viz., 
the underground and elevated cable roads — were chartered by 
the Legislature last winter, and arrangements are now pro- 
gressing for their construction. My special object at present, 
however, is to lay before your readers a novel plan of a railroad 
for New York, which dui'ing my investigations of the subject 
has but recently come under my notice, and which seems to me 
to possess some considerable merit. This invention proposes 
an elevated railroad, the track of which consists of a series 
of inclined planes, do^vn which a car runs by its own gravity, 
elevating platforms being interposed to raise the car from 
the foot of one incline to the head of the nest. In other 
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words, the car runs down hill all the way, being elevated to 
the top of the succeeding hill when the Vjottom of the first m 
reached. The elevating platforms are to be operated by 
compressed air, which lifts a piston-head working perpendic- 
ularly in an upright cylinder, the platfonn being attached 
directly to the piston-rod and kept in its proper place by 
guides. The air is compressed at the end of the route by a 
stationary engine, operating powerful air-pumps, which force 
the compressed air into a large iron boiler or receiver. To 
this receiver is attached an ordinary steam pipe of say two 
inches in diameter, which runs the entire length of the road, 
and is provided with the necessary branch pipes and valves 
to connect with each of the elevators and supply the com- 
pressed air to them as required. The pressure throughout 
the length of the pipe will be constantly the same as in the 
receiver. Supposing a car to weigh three thousand pounds 
and hold forty passengers, the total weight to be raised 
would be about nine thousand five hundred pounds. Now, 
if the diameter of the cyUuder of each elevator should be 
twenty inches, the number of square inches contained in the 
piston-head would be nearly four hundred, and, with fifty 
pounds pressure of air to the square inch, the lifting force 
would be nearly twenty thousand pounds, or more than 
twice the force required. This would insure rapid elevation, 
and it is claimed by the inventor that the platforms holding 
loaded cars could be elevated at a speed equal to one foot 
per second of time. That a car will descend an inclined 
plane by its own gravity is undoubted, and that this mode of 
progression is superior to others on many accounts (where it 
can be practically used) can scarcely be questioned. The 
points to be determined in this connection are : What grade 
does the inchne require ? and can that gi'ade be obtained 
without starting from an elevation which would render the 
whole plan impracticable? After a high degree of momen- 
tum has been once obtained by the ear, a very slight descent 
will suffice to keep up its speed ; but in order to obtain speed 
rapidly from the start the descent of the grade must be con- 
siderably greater. This can be provided for by regulating 
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the grade of tlie inclines on a sliding scale, commencing 
with (for example) a grade of sixty feet to the mile, and re- 
ducing the scale to nearly a dead level at the end of the sec- 
tion. The necessity for a steep grade on the start may, 
however, be removed by using some mechanical means of 
starting the ear- quickly, and to effect this the following is 
proposed hy the inventor : After a loaded car has been ele- 
vated, attach a rope, with a ring on the end of it, into a hook, 
fastened on the under part of tlie car- ; this rope nms along 
the track some fifty feet, then over a loose pulley, and to it 
is attached an iron weight of say one thousand pounds, 
■which is suspended from it, sliding down oiled guides to the 
ground. The brakes being loosened, the car immediately 
starts forward down the incline, its speed accelerated by the 
steady dead weight of one thousand pounds. The power of 
this weight is retained for fifty feet, or until the loose pulley 
is reached, when the ring slides off the hook (its du'ectiou 
being changed), and the car proceeds rapidly alone on its 
descent. The weight is immediately hoisted again into posi- 
tion by the descending platform for a succeeding car. To 
effect an immediate descent of the elevating platform, the air 
contained in tlie cylinders, after the compressed air has been 
let out, may be exhausted by having a second pipe running 
the entire length of the road, connecting with an exhausted 
receiver, from which the air has been removed by an air- 
pump, worked by the same engine which operates the coni- 
pressing-pumps. By this means a total vacuum could not 
be obtained, but an exhaustive force of about eight pounds 
to the square inch could easily be obtained, which would 
suck the platform down instantly with a weight of air upon 
it of over three thousand poimds, in addition to the actual 
weight of the platform. This would insure the immediate 
ascent of the one thousand pounds weight, ready to be at- 
tached to the succeeding car at the summit of the plane. 
By using these or some other means, such, perhaps, as a ve- 
locipede or lever movement, it is claimed that cars could 
follow each other as rapidly as one in every two minutes with 
perfect safety. On the Erie Kaih-oad it has been found that 
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a train nianing down a grade of thktj ftiot to the; mile will 
acquire a speed so great as to require an almost constant ap- 
plication of the brakes. It is therefore probable, that ehotild 
a proper means of starting the car be adopted, it will be 
found that a grade beginning at forty feet to the mile and 
rmming down almost to a level will be ample. In order to 
show what elevation would be necessary, and what would be 
the gradual descent of grade for such a track, the following 
table is submitted. The sections are supposed to be one 
mile long, and the lowest point of the track twelve and one- 
half feet above the street : 

TABLS OF MILT. SECTIONS. 

Oc the 1st 1,000 ft,, allow a fiill of 8 ft,, equiii to gvada of 42^ ft. to the mile. 
" 2d 1,000" " 5 " " 2^ ■• 

'• 3d 1,000 " " 3^" " laj" 

" 4tJil,000 " " 2^ ■' " 13i '■ " 

Lastl,2S0 " " 2 " " 8i " 



Elevation of bigb^t point. .33i- " 
Elevation of lowest point, 12^ faet. 

Should it, however, be deemed advisable to locate the sta- 
tions, which are situated at the end of the sections, one-half 
mile apart instead of one mile apart, as in the above table, 
it is evident the same grade can be retained and still the total 
tall reduced to one-haif of twenty-one feet, viz. ; 

TABLE OF HALF-MILE SECTIONS. 



The cost of building the tratk at an uhivation of from 23 
feet to 12^ feet, will of course be very much less than build- 
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ing it at an elevation of from 33| feet to 12^ feet. The route 
should be selected on a line as free as possible from differ- 
ences in elevation, or if the surface hes in short, wavy lines, 
two points might be selected of nearly the same height, at 
the proper distances for stations, and ordinary depressions or 
elevations between those points would not then be so impor- 
tant. Should, however, the road be built on the streets front- 
ing the two rivers, a level would be obtained all around the 
island, or nearly so. The structure need not be bmlt so mas- 
sively as at first glance might appear to be necessary. Where 
locomotive power or traction ropes are used, the jar, resist- 
ance, wear^ and friction are very great, but in a gravity road 
of this character, the track being true and well oiled, the 
friction would be but httle and the weight to be sustained 
small, as tlie cars proceed singly. In the construction of the 
road it is claimed that a single line of iron columns, running 
on each side of the street, and braced transversely across the 
street by iron girders and longitudinally to each other, said 
columns being thirty feet apart, would be sufficiently strong 
to hold up two tracks, one running north and the other south, 
on opposite sides of the street. The columns to have broad 
fiat bases resting on solid masonry foundations, and to have 
branches jutting off into the earth, just below the surface, 
which should be laid in cement, in such a way that the col- 
umns could neither sink nor incline. Whether this mode of 
construction would 'he preferable to laying the track on light 
trellis work on each side of the street would be a question 
for the constructing engineer after deciding upon the line of 
the route. Some simple means of preventing a car from 
leaving the track in ease of accident should be adopted, 
although precautions of this character would almost seem 
to be unnecessary, as the road would be nearly straight, the 
flanges of the wheels deep, and the absence of all force, jerk- 
ing, or sudden starting would make it difficult to throw a car 
off a properly constructed track. The cars may be warmed 
with hot water contained in pipes running through them, 
which may be replenished from a tank at the end of the 
route after each trip. Passengers enter and leave the car. 
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after it has run clown the iacliue on to the elevating platform, 
by a staircase and gate, leading twelve and one-half feet up 
from the street ; iJiey are then elevated in the cai' to the 
head of the incline. It seems hardly possible that any sys- 
tem could be devised by which cars could be run at anything 
Hke the cost of operating this road. It is claimed that but 
two men would be needed at each stopping station, one to 
take the fares and another to operate the elevator ; and each 
car would require but one man to work the brakes, of which 
there should be two distinct sets. The cost of operating the 
road would therefore be so small that the fare could be put 
at such a low rate as to be within the means for daily use of 
the working classes, and stockholders would receive the 
principal part of the receipts, instead of having them ab- 
sorbed in muning expenses. The inventor also claims that 
this mode of transit can be applied to suspension bridges, 
connecting different banks of rivers, one elevator on each end 
of the bridge being alone required to operate the road. 
Passengers could in this way be carried over long bridges at 
great speed and at a trifling cost. Also that this system is 
well adapted to short, or even long roads, for moving 
freight from point to point where the surface of the ground 
is not too irregular. In the countiy or in towns, where the 
roadway could be purchased, the track could run down to the 
ground, thus avoiding the additional elevation of twelve and 
a half feet above the street needed m cities ; and as in many 
circumstances high speed might not be required, the grades 
of the inclines might be materially reduced, thus cheapening 
the cost of erection. Also that for cross-town transit fi-om 
river to river in New York independent sections of a road on 
this plan could be bmlt at various points, and would meet 
a growing necessity. Air follows a lixed law of compression 
up to twenty-seven atmospheres, and beyond that is com- 
pressible without limit. It is also unlimitedly expansible. 
These features, it is claimed, render it the most desirable 
power for the prefciil, purpose. Steam engines might be em- 
ployed to raise 'chti elevators, or steam might be injected 
directly into '"ue t;ylinders, but it seems to me, after some 
consideration, ikat the use of compressed aii' would be bet- 
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ter in all respects. Its action is iiistaiitaneous and unchecked 
by the condensation that steam is subject to : the air-pipes 
can neither rust nor freeze ; the movement is swift, steady, 
and irresistible, the power being only limited by the size of 
the cylinder and the pressure per square inch. The plat- 
form could not fall even should the cylinder leak badly, for 
the descent would then be no faster than throut;h the open- 
ing of the air-valve, and the car would rest on a bed, which 
for elasticity could not be excelled by springs. One boiler 
and engine runs the entire road on both aides of the street, 
and is situated at the extreme end of the route. I do not 
know that there is any table by which the speed that a car 
will aec[uire on a certain incline can be ascertained, and it 
seems difficult to determine a point which is dependent for 
solution on so many surrounding cu'cumstances, such as the 
weight of the oar, size of the wheels, regularity and length of 
the track, condition of the bearings and springs, and lubrica- 
tion of the track and axles. If the road should be oarefuDy 
constructed and all these points looked to, it seems reason- 
able to conclude that a high rate of speed could be quickly 
obtained. I am not aware that an ordinary gravity road has 
ever been constructed with a view of obtaining all the speed 
the decline would admit of ; conseqiientiy this point may be 
said to be undetermined. The confonnation of New York 
island is such that a route from Harlem bridge to City Hall 
could be selected, which would answer for this plan. The 
building of the road is simple, and I cannot find that it offeis 
to the engineer any mechanical difficulty to overcome ; and 
two points in its favor are the rapidity with which it could be 
coustnictad and its cheapness compared with some other 
plans. In the futiire New York will need all the communica- 
tion between the upper and lower part of the island which 
can be furnished, and a supply of that need will but create 
increased demand for it. It is proposed that the running 
time between City Hall and Harlem bridge shall not exceed 
twenty-five minutes. The objections of civil engineers to 
the plan are respectfully invited by the inventor and pat- 
entee, Mr. Robert A. Chescbrough, of this city. 
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A RAII.HOAP FOR NEW YORK. 



The question whiclii meets us at the start, is what kind of 
a road is best adapted to the wants of New York. There is 
a choice of three ways of travel : on the surface, under the 
surface, and above the svirface. The first way may be dis- 
missed without argument. Surface horse roads have proved 
entirely inadequate to the necessities of New York, and each 
year their inability to meet the demands of travel becomes 
more apparent. Nor can they be increased to any important 
extent. After a heavy fall of snow, travel on these roads is 
always delayed and impeded, and occasionally totally sus- 
pended; and at such times, it is an economy of time, patience, 
and suffering to walk, rather than trust oneself to the inside 
of a horse car. There is but one way to relieve the city by 
surface roads, and that is to resign one avenue on each side 
of Broadway to the exclusive use of steam railroads, fenc- 
ing them in the entire distance, and station flagmen at the 
gates, necessary at the crossings. There are so many sub- 
stantial objections to this plan that it will scarcely be 
adopted, except as a last resort, and we will not therefore 
now further consider it. 

The second way of travel is by 

AN UKDEB-GROt!ND STEiM BOAD. 

There are three plans proposed for sub-surface roads, viz. : 
The tunnel, the arcade, and the depressed, all of which 
differ materially in their mode of construction, and the 
principal features of which are generally understood by the 
public. The first objection to an under-ground road is the 
great cost. The cost of the London tunnel was $5,000,000 or 
more per mUe, and it is not beheved that one could be 
built in New York for less than that sum. The value of the 
property which would have to be paid for, and destroyed to 
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provide a sufficient number of open cuts for ventilation, 
wonlil be immense, and even tlien under the most advan- 
tageous circumstances, the close air of a tunnel woiild simply 
be bearable, not inviting. The arcade plan is magnificent 
in design, but so radical in character and proposes changes 
of so important a nature for our principal thoroughfare as 
to demand the most complete investigation before adoption. 
If the results promised by the distinguished engineer who 
planned it should be obtained, they would well pay for the 
outlay, and Broadway would become the most beautiful 
avenue in the world ; but who beheves if work was com- 
menced to-morrow on the arcade road, that it could be com- 
pleted to Central Park, certainly not to Harlem River, in ten 
years, and meantime New York goes afoot. The depressed 
railroad contemplates the purchase of private property along 
its entire line. If the difficulty of purchasing this propei-ty 
at the high value of New York real estate could be sur- 
mounted, this road could undoubtedly be built at much less 
cost than either of the others, and would, as far as running 
is concerned, be far better than the tunnel plan, but it would 
seem that the difficulty of purchasing a line of private 
property over thirty feet wide through the heai-t of New 
Tork, to be used for steam engines, will prove insuper- 
able. 

The third way of travel is through the air, by 

AN ELEVATED KAILBO.UJ. 

The great difficulty in the way of this plan has been the 
want of a motive power which would afford rapid speed at 
low cost, and be unobjectionable. This furnished the rest 
becomes easy. The cost of its construction is trifling com- 
pared with the cost of any of the plans referred to. The 
right of way costs nothing, destroys no propertv, and inter- 
feres with no other interests. The road ean never be block- 
aded or impeded, and all weathere are the same to it. As to 
its safety, when closely examined the danger is imaginaiy, 
not real. On surface roads, cars leave the track because 
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there is no depth to the rail or length to the flange of the 
wheel, purposely so aiTangecL to prevent injury to the wheels 
of vechicles using the street. On the elevated road the 
track could be raised several inches, and the wheels be made 
with double flanges two or three times the ordinary depth, 
which would make it impossible for a car to run off. One 
hundred heavy trains per day cross Harlem flats, after 
leaving the tunnel at Yorkville, on a narrow causeway over 
fifty feet high with perfect safety, and yet the place is ten- 
fold more dangerous than would be an elevated street track 
properly constructed. If the motive power used should be 
of such a nature that it will gradually impair the strength 
of the structure, or absolutely jerk the car off the track, the 
difHculty developed is with the power used, not the road, 
and this point is really the only one at issue, 

THE MOTIVE POWEE. 

Several plans of locomotion are proposed : First, by a pro- 
pelling endless cable ; Semnd, by the use of improved 
dummy engines ; and, Third, by locating on each car an air 
engine and a tank of air compressed to a high pressure 
to operate the engine ; the tank to be replenished at the 
sereral stations. 

In regard to the first plan, we will simply say that 
the objections urged against it ai^e various, and some 
of them undoubtedly well grounded. If it succeeds, 
it will be by the determined perseverance and energy 
of its undaunted projector in the face of serious obstacles, 
and the almost unanimous adverse opinion oJ: the engineer- 
ing profession. As to the second plan it is at least feasible, 
and a certain power, but expensive and objectionable. The 
escaping smoke and steam will be a constant source of 
annoyance. If trains are run, the entire structm-e would 
iiave to be massively built to allow for increased weight, 
friction, and depreciation ; in fact, the entire character of the 
road would have to be different from what we propose, but if 
the cars are run singly nnd a light dummy attached to each, it 
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will be readily seen that the cost of such transportation 
would render a high fare necessary to make the road self- 
supporting. As to the third plan : it would be the one " fo/r 
excellence" if it could be persuaded to ■work. Compressed 
air as a motive power is better than steam for intermittent 
use, if during the intervals of use its exhausted power is 
restored ; but as a power for continuous use, its use will be 
hardly practical, unless the restorative force is also con- 
tinuous or nearly so. Power cannot be increased in amount 
by mechanical devices; for every pound of power obtained 
from compressed air, the same amoimt of force must be 
expended in compressing it. Tlie use of air in the way 
proposed, compressed to a much greater pressure than one 
hundred pounds to the square inch, wiU scarcely be found 
practical ; it is folly to talk of charging tanks with air at 
a pressure of five hundred to six hundred pounds to the 
square inch, by means of flexible and changeable connec- 
tions, to be adjusted and removed every few minutes. This 
idea is a threadbare one, and has generations ago cost the 
credulous dearly. But air at a reasonable pressure can 
undoubtedly be used, and so far as it will go, wUl be a first- 
class power ; but at every stroke of the engine the power 
becomes weaker, and would be entirely gone before a car 
could travel a thousand feet, for no tank which a passenger 
car could conveniently carry would contain enough air to 
last its journey between stations. For stationary power the 
use of air is practical, for locomotion we do not beheve it to 
be so, except in the manner hereafter described. We there- 
fore come to the present system of operating, which we 
claim removes the objections to an elevated road, by 
furnishing reliable and certain motive power. 

ghesebeough's system op locomotion 

Consists in constructing a track on a series of inclined planes, 
down which each car runs successively by its own gravity, 
and on reaching the bottom of one incline it runs on to an 
elevating platform, by which it is raised to the head of the 
next incline, and so continues on its journey. (See plate.) At 
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first glance it might seem that the elevations would require to 
be great and frequent, but by reference to the table in the 
preceding letter, it will be seen that an elevation of ten and 
a half feet to every half mile will be sufficient to develop 
high speed, used in connection with some simple car starting 
apparatus. The preceding letter of General Egbert L. 
Viele, pubhshed in the " New Tork Herald " of November 
18, 1868, enters so fuhy into the details of the method of 
operating the road that but little remains to be explained in 
relation thereto ; and the inventor here desires to acknowl- 
edge the obligation he is under to General Viele, who, with- 
out fee, or the hope of one, investigated carefully the inven- 
tion of a stranger to him, and givas a professional opinion 
thereon simply from the love of science and the public good. 
This invention opens a new theory of locomotion, which, if 
practical, cannot faU to come into use in many places. That 
it is practical can scarcely be doubted. It needs no argu- 
ment to prove that a car will run down hill by its own gravity, 
if the hill is steep enough ; nor will it need much argument 
to convince the educated mechanic that tlie elevator which is 
here used cannot faU to work. The principle involved is 
simply that of the Bramah (hydrostatic) press, adapted to 
elevating instead of compressing, and using air instead of 
water. This substitution of air for water, while it does not 
affect the power, is material for oar use, because water has 
no elasticity and its action is slow, while the use of com- 
pressed air, on account of its great elasticity, would insure 
instantaneous action. That this elevator will work is not a 
matter of conjecture, for the principles governing it are well 
estabhshed in science. Being assured, therefore, that the 
motive power is reliable, we turn to its cost. 

COST OP MOTtVE POWEE. 

The difference to be overcome on half mile sections of a 
road is ten and one-half feet of elevation. It is probable 
that the amount of elevation may be reduced below this point 
beieafter, but with this amount we are assured it will work. 
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The question which presents itself is. Can a given weight be 
hoisted ten and a half feet with greater ease and less ex- 
pense than it can be hauled two thousand six hundred and 
forty feet ? Manifestly, yes, for many reasons. To haul the 
weight, the motor must move with it, and its weight must be 
added to that of the body to be hauled, while for hoisting 
you can employ stationary power. Again, for hoisting, sta- 
tionary intermittent power can be used, while for moving 
bodies we have already shown it cannot ; the latent power, 
which is confined in one bulk and used occasionally for an 
effort in one case, is in the other divided amongst a hundred 
consumers, who exhaust it constantly. If it were necessai'y 
to exert the greatest possible economy in working this road, 
the air might be compressed by tidal wheels, or even by 
windmills, which power would cost nothing after the first 
cost of construction ; but such rigid economy is not neces- 
saiy, and as steam power is more reliable, and as one boiler 
and engine works the entire road, it would be better to use 
it. It is plain that the cost of operating this road will be a 
fractional part of the cost of any other plan. 

THE BOUTE AND STBUGTUEE. 
When the best method of locomotion shall be fairly tried 
and approved by New York, many routes and roads will be 
required to supply the public need as well for cross-town an 
for lateral travel, but for immediate relief a central route is 
demanded connecting Harlem with the City HaU. With this 
view the following line is proposed, starting at City Hall 
Park and thence up Chatham street, Bowery and Thkd 
auenue, to Harlem bridge. Two tracks running north and 
two south, could be supported on a framework of iron 
columns consisting of three rows, one row on each sidewalk, 
and the third running down the centre of the street, all 
braced strongly together by girders across the street, and 
laterally to each other, the columns standing in line about 
thirty feet apart. The structure braced in this way, may be 
made exceedingly light and ornamental, because the weight 
to be sustained is but httle; there is no jar, resistance, or 
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wear, and the friction is hardly appreciable. It is doubtful 
it the noise made by a car paasinp; could be heard in the 
street below. Should this plan be adopted the two inner 
tracks could have their stations one mile apart, for through 
travel, and the two outer ones every half mile apart for way 
travel, arranged alternately, thus giving a station every 
quarter mile. Or if it was decided at first to have but two 
tracks, the Hne of columns in the centre of the street could 
be dispensed with, and at each station two elevators could 
be used instead of one for each track, making a Junction 
with the main track by switches which would operate alter- 
nately, and thus allow cars to be run every minute on one 
track, and still allow time for passengers to get in and out at 
the stations. Lamp-posts, telegraph-poles, and awning-posts 
couldair.be taken away from the streets, leaving only the 
uniform and graceful columns of the road which could be 
used as substitutes for all these purposes. The stations at 
the elevators, can be reached by tasteful spiral iron stairways 
leading up twelve and one-half feet, located at the street 
comers, or the second story of buildings can be used instead 
and a platform built out from the building to the track. 
There js another method of conveying a car from the foot of 
one inclined section to the summit of the next (other than 
by elevating it), and that is to build the track in successive 
long declines and short steep ascents, the car running down 
the dechne by its gravity, and being dragged up the ascent 
by a short cable, to and over the head of the next decline, 
the distance of ascent to be as short as the elevation to be 
overcome will admit of. This arrangement is looked upon 
by the inventor as so greatly inferior to his method of elevat- 
ing the car, for all purposes which now present themselves, 
that he only refers to it here, that hereafter he may claim, if 
desired, this arrangement of alternate declines and ascents. 

AIR ENGINES AGAIN. 

Now, althougli we have maintained that compressed air 
cannot be used as the sole power for mnni'nfi an engine ou 
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